Montmorillonite K-10 and KSF clays as recyclable and heterogeneous catalysts are used to catalyze the Cannizzaro reaction by 1,4-diazabicyclo[2.2.2]octane (DABCO) under microwave irradiation (MWI) and solvent-free conditions in excellent yields within seconds. The solid clays applied in the first cycle are recovered and reused in the subsequent reactions.
INTRODUCTION
The redox disproportionative conversion of aldehydes into their corresponding alcohols and carboxylic acids, known as Cannizzaro reaction 1 ,is one of the oldest processes in synthetic organic chemistry and is classically conducted at elevated temperatures using equimolar or excessive amounts of alkali metal hydroxides or other strong bases. Such harsh conditions and competitive formation of undesired side products have been the main limitations for Cannizzaro reaction in the past several decades. 2 Many developments have been made to the original version of the reaction in the past several years by means of microwave irradiation, 3 ultrasound mediation, 4 cation templates, 5 solid-supported reagents, 6 solvent-free conditions, 7 crossed Cannizzaro version of the reaction, 3b,6 gas-phase process, 8 and Lewis acid catalysis.
9 In a few examples conducted at room temperature, strong basic media are still required 7, 10 or yields of the majority of the reactions are rather low or moderate.
9c Despite all of these modifications, the reaction still requires drastic conditions in most cases.
Natural alumosilicates, such as zeolites and clays, are solid acids that could act as an efficient alternative to liquid acids. Natural and modified clays have attracted attention due to their extremely versatile properties and high potential in green chemistry. Though the physicochemical properties of the clays are similar their BET surface areas differ. 
11
The combined use of montmorillonites and microwave irradiation (MWI) showed rate enhancements, high yields and short reaction times. In addition, the use of solvent-free conditions with heterogeneous media under microwave irradiation is a useful alternative and has received considerable attention due to its greater efficiency from economic as well as ecological points of view.
12
Recently, use of nonmetallic reagents is an area of growing interest because of environmental regulations. Among the various organic bases,1,4-diazabicyclo[2,2,2]octane (DABCO) has been employed as an efficient organic base to bring about various organic transformations. [13] [14] [15] In continuation of ongoing investigations exploring the use of montmorillonites as solid supports in the synthesis and reactivity of organic compounds using microwave irradiation, 16 this work reports a simple, green and environmentally acceptable microwave promoted the Cannizzaro reaction by DABCO over K-10 and KSF clays as efficient heterogeneous catalysts (Scheme 1). The solid clays can be recovered later and reused in the subsequent reactions. Details of recyclability of the recovered clays have been shown in the Table 1 .
Results summarized in the Table indicate the scope and generality of the reaction with respect to the various benzaldehydes. The nature of the substituents on the aromatic ring of benzaldehyde has different influences. The presence of the electron withdrawing groups such as nitro and fluorine which increase the polarity of the carbonyl group inductively, give high yields of products as well as the short reaction time compared to the electron donating groups like methyl and methoxy. On the other hand, the percentage of the products obtained by the K-10 clay is more than those prepared by the KSF clay. This observation can be attributed to the more surface area in K-10.
The mechanism of this reaction is well known and is described as below (Scheme 2). Here, we only emphasize minor differences and advantages that are due to the use of solid catalysis. As this reaction is carried out in a solvent-free, open reaction system, the key step is the adsorption of the carbonyl compound on the surface of the catalyst. Montmorillonite is considered to be a mixed Brønsted-Lewis solid acid. The majority of the acid centers are of Lewis acid type. 17 The adsorption occurs when the electron rich carbonyl oxygen interacts with a surface Lewis acid center, and it is of rather chemical than physical nature. This Lewis acid-base interaction anchors the aldehyde and initiates strong electrophilic character on the carbonyl carbon, resulting in a surface-bound intermediate of carbocationic nature. a All the benzoic acid derivatives are well known compounds (literature and/ or commercial sources).
ExpERIMENTAL
b Yields are based on isolated acids. Yield of alcohols was almost the same as acid in each case. Yields indicated in the parenthesis correspond to those reactions which the recovered clays were used. The fresh solid clay portion applied in the first cycle was filtered off at the end of reaction, washed with methanol (2×30 mL) and dried at 120 °C under the reduced pressure to be reused in the subsequent reaction.
(Prolabo, France) single mode focused microwave reactor.
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General procedure In a 50 mL beaker, aldehyde (1 mmol) was roughly mixed with 1 g montmorillonite. After 2 min of mechanical stirring, DABCO (10 mmol) was added and then mixture was submitted into a single mode focused microwave reactor with continuous rotation for the time described in Table 1 (optimized time) at 40 °C. After completing the reaction (TLC), water (30 mL) was added to the mixture ,the product was washed by CH 2 Cl 2 (2×10 mL), clay was filtered, and the solvent was evaporated to give the alcohol component. To obtain the acid component, the filtrate was acidified, extracted with CH 2 Cl 2 , and dried over magnesium sulphate. Then the solvent was evaporated to givethe acid component.The solid clay portion was washed with methanol and dried at 120 °C under a reduced pressure to be reused in the subsequent reactions which showed the gradual decrease in the activity (Table 1) . The filtrate was dried over MgSO 4 , the organic solvent was evaporated, and aryl alcohol was obtained. Isolated products were characterized by melting points, 1 HNMR and 13 C NMR spectrometric data and were compared with the literature and/or with authentic samples. (d, J= 7.8 Hz, 1H), 7.96 (d, J= 7.8 Hz, 1H), 7.59 (d, J= 7.9 In conclusion, a simple and efficient procedure for the clay catalyzed Cannizzaro reaction in the presence of 1,4-diazabicyclo[2.2.2]octane (DABCO)under MW irradiation and solvent-free conditions was established. This present method is superior since it is eco-friendly, advantageous over previously described methods in yield, requires no special apparatus, there is simplicity of operation, and is non-hazardous, simple and convenient. In addition, the simple experimental and product isolation procedures combined with the easy recovery and reuse of these worthwhile natural clays play an important role in development of the clean and environmentally friendly strategy in this new and benign method. 
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